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Introduction
In many economics experiments, individual subjects are assigned to a particular group and are then asked to make a sequence of decisions over multiple rounds. In a multi-period game, clearly the observations generated by a single individual are not independent, and the repeated measures are usually captured with random effects models. However, the hierarchical, or nested, structure of the data implies that the observations from different individuals within a group are also unlikely to be statistically independent.
Hierarchical linear models can be used to model both groups and individuals as random effects.
1 These types of models are commonly used, for example, in educational performance studies with pupils nested within schools, in family studies with children nested within families, and medical research with patients nested within hospitals (Singer 1998 , Hox 1998 , Boyle and Willms 2001 . These models provide statistically efficient estimates of regression coefficients (Goldstein 1995) , they avoid misleading standard errors, confidence intervals and significance tests produced by when one fails to account for clustered data (Hox 1998) , and they allow the analyst to decompose the explained variance in the dependent variable by level of hierarchywhich is the primary focus of this paper.
2
Our interest in using hierarchical linear models is to gain a deeper understanding of the effects of alternative institutions designed to promote more conservative choices in common pool resource experiments than one can obtain from a random effects model that fails to account for the nested structure of the data. We ask whether accounting for group effects can explain individual decisions for particular institutions, and, more importantly, how these effects may vary across institutions. We conducted a series of common pool resource experiments with artisanal fishermen in rural Colombia. Each group of five subjects first played 10 rounds of a standard open access common pool resource game and then 10 additional rounds under one of three institutions. One institution allowed subject to communicate between rounds. This treatment is meant to capture the effects of informal non-binding agreements on individual harvests. 3 Under the other two institutions, subjects could not communicate. Instead, they faced an exogenously imposed quota restriction on their harvests, which was enforced with random monitoring and a unit penalty for exceeding the quota. These two regulatory institutions were identical except that they had different marginal penalties for noncompliance to the quota.
We find that each of the three second-stage institutions motivated individuals toward more conservative exploitation of the resource than under the baseline open access treatment. In fact, mean harvest levels in the second-stage treatments were statistically indistinguishable.
2 To our knowledge, hierarchical linear models have rarely been used to analyze data from economics experiments. Exceptions include Kurzban et al. (2001) , and Messer et al. (2005) . However, these papers do not analyze the relative importance of within-group and between-group variation in individual choices or how these values may change with different experimental treatments.
Stopping at this point, however, would make us miss a rich story about the underlying variation in individual choices that led to these similar outcomes. Our application of a hierarchical linear model yields estimates of between-group and within-group variances that differ in important ways across the institutions. Under open access and the two regulatory institutions, the variation in individual harvests is explained more by differences within groups than by differences between groups. The opposite occurs under the communication treatment: while the withingroup variation is quite low in this treatment, the between-group variation is significant.
Under open access and the regulatory institutions, individuals made their choices in private, and hence, were not subject to the direct influence of others in their group. Under these conditions, we expect that individuals with different preferences will formulate different strategies. Individuals may be Nash maximizers, altruists, conformists, reciprocators, etc., and several of these "types" are likely to be represented in any given group. 4 Therefore, it is not surprising that subject heterogeneity would lead to a high degree of within-group variation in individual choices in our non-communication treatments. That we also observe low betweengroup variation in these treatments suggests that the composition of individual "types" is roughly replicated across groups.
Communication, on the other hand, can serve as a mechanism to share information about the problem at hand, while bringing social pressure to bear on individuals to achieve more efficient outcomes. In this way, communication can lead to informal agreements among group members that are non-binding, but nevertheless serve to coordinate individual actions. Our results suggest that this coordination function of communication led to low within-group variation in individual choices. However, we simultaneously observe significant between-group variation in individual choices, suggesting a high degree of heterogeneity in the coordinated strategies that different groups are able to formulate and maintain.
Experimental Design
Our experiments are based on the standard problem of individual harvests from a common pool resource by n identical individuals. Individual payoffs were derived from a model that is similar to that presented by Ostrom et al. (1994) , and an earlier model developed by Cornes and Sandler (1983) . Individual i harvests x i units up to a capacity constraint . or a medium penalty (Mid Penalty). In the Com treatment, each round participants were free to discuss the experiments prior to making their harvest decisions privately.
For the two treatments with an external regulation, an individual harvest quota of one unit (the efficient outcome) was imposed. To enforce the quota, each subject faced an audit probability of 10 percent. 8 If an inspection revealed that a subject's harvest exceeded the quota, then that person incurred a financial penalty. The results of inspections were not made public.
The two regulatory treatments differ only in the level of the unit penalty for discovered violations of the harvest quota. For the Low Penalty treatment, the fine was 27 pesos for each unit above the quota. With this penalty, the resulting marginal expected penalty is insufficient to change the pure Nash strategy equilibrium from the baseline Open Access harvest of six units per person. Nevertheless, such a regulation might serve to reduce individual harvests because of the frame the regulation places on the experiment, in particular the signal of efficient choices and 7 Experiment instructions, including the payoff table, are available upon request. <INCLUDED AS REVIEWER'S APPENDIX>. In the experiments, participants were asked to choose a harvest level between one and nine units, instead of between zero and eight. The reason for this shift is that the concept of zero harvest is very difficult to explain in the field since the participants depend so critically on their use of local natural resources. The payoff table they were given was modified to account for this. However, our analysis assumes that individual harvests vary from zero and eight. 8 To decide who in a group, if anyone, was inspected in a particular round, a ballot was chosen (with replacement) from a bag containing five ballots containing the participants' numbers and five blank ballots.
that deviations from the quota will be sanctioned. The Mid Penalty treatment involved the same regulatory frame, but the marginal penalty for violations of the quota was 165 pesos. A conventional model of regulatory enforcement predicts that this penalty would motivate subjects to reduce their harvests to five units.
In addition to deciding upon a level of harvest, subjects were also asked to state their expectation of what the others in their group would harvest in aggregate. 9 After all subjects had made their decisions, the monitor collected this information and announced the total harvest for that round. With this information, individuals were able to calculate the total harvests by the others in their group and their individual payoffs.
Individual earnings ranged between 11,220 and 22,900 pesos with an average of 15,092
pesos (about US$6.00). 10 Earnings were paid in cash at the end of each experiment. Each experiment lasted about three hours. Before each experiment began, instructions were read aloud by the monitor and several practice rounds that did not count toward final earnings were played to familiarize the participants with the experiment.
Estimation Technique: A Hierarchical Linear Model
To formally test how both individual and group effects explain variation in individual harvest decisions, we estimated the following hierarchical linear model with random and fixed effects: x is individual i's expectation of the total harvest by the other four members of her group. Round and its interactions with each institution are included to control for the effect of time across treatments. The coefficients β 0 through β 8 are the fixed effects. We vary the coefficients for the treatments across both groups and individuals, and thus we estimate a random intercept model.
For each treatment k, the group-level random effects are u kj , and the individual random effects are v kji . The random error, ε jit , is assumed to be normally distributed with zero mean and variance
In this paper, we are primarily interested in the between-and within-group variances and how these vary across the institutions. There are four between-group variances:
for Open Access, 
Results
The mean harvest in the stage one Open Access baseline treatment (periods 1-10) was 4.75 units per person. This is lower than Nash equilibrium (six units), but higher than the efficient outcome (one unit). This pattern of under-extraction relative to the Nash equilibrium is consistent with that observed by Cardenas et al. (2000 Cardenas et al. ( , 2002 in other Colombian communities using a similar protocol. In the second stage of each experiment (rounds 11-20), we introduced one of the three institutions. On average, the three institutions were equally effective at promoting conservation of the common pool resource: the mean individual harvest in the Com, Low Penalty and Mid Penalty treatments were 3.11 (σ=2.46), 3.24 (σ=2.66), and 3.15 (σ=2.68), respectively.
Obviously, however, such an aggregated analysis likely masks significant differences among individuals and groups.
In Table 1 we report the estimation results of the hierarchical linear model in equation Moreover, the between-group variances under our non-communication treatments are much lower than the between-group variance under Com, but the within-group variances are much greater. These results reveal substantial variation in the strategies of individuals within groups when the subjects are not allowed to communicate, but that these strategies are roughly replicated across groups so that there is little variation among groups.
There are, however, noticeable differences in the within-group variances for the noncommunication treatments. First, the within-group variance estimates for Low Penalty (3.01)
and Mid Penalty (1.90) are higher than the within-group variance estimate under Open Access (0.71). Thus, even though the two regulation treatments produced more conservative strategies than under Open Access, it appears that the uncertainty introduced by random monitoring and penalties to enforce the harvest quota also increased the within-group variation in individual strategies.
Furthermore, the within-group variation is less under the Mid Penalty regulation than under the Low Penalty regulation (3.01 versus 1.90). These treatments are identical, except that the Mid Penalty regulation has a fine for exceeding the harvest quota that is over six times that of the Low Penalty regulation. Thus, the Mid Penalty regulation involves a much stronger signal of the consequences of violating the quota. It appears that this stronger signal served to coordinate individual strategies more effectively than the lower penalty in the Low Penalty treatment. It is interesting, however, that the Mid Penalty regulation did not produce more conservative choices than the Low Penalty regulation.
Finally, we also estimated the model in Table 1 without modeling groups as random effects. 12 The estimated coefficients of the fixed effects do not change appreciably from those reported in Table 1 , although their significance levels change slightly due to lower standard errors. (Recall that one of the reasons for using hierarchical linear models is to avoid misleading standard errors produced by not adjusting for clustered data.) Therefore, not modeling groups as 12 Estimation results are available upon request.
random effects would have led us to the same conclusions about the effectiveness of the secondstage institutions in promoting more conservative harvests of the common pool resource.
However, we would have missed our deeper conclusions about how the underlying variation in individual strategies within and across groups varies across institutions.
Concluding Remarks
We These results may have significant implications for the performance of non-binding community-based agreements to conserve common pool resources and the role of government interventions to do the same. While our results suggest that non-binding agreements are likely to be effective at coordinating individual decisions within a group or community, our results also suggest that there may be significant variation in the effectiveness and the forms of these verbal agreements across similar communities.
When the government intervenes, however, our results suggest that it can expect that its regulations will produce similar conservation efforts across similar communities. Moreover, this is bound to be true even when regulations are poorly enforced. On the other hand, our results also suggest that individual decisions within communities may vary quite a bit when regulations are implemented. However, a higher unit penalty for violating the harvest quota significantly reduced the within-group variation of individual strategies in our regulatory treatments, even though this higher penalty did not produce more conservative aggregate harvests. This may suggest that within-community variation in individual harvest decisions is a declining function of the stringency with which a regulation is enforced. That is, highly variable individual decisions within regulated communities may simply be due to the weak enforcement of regulatory controls that are characteristic of government interventions in common pool resource dilemmas in the developing world. 
Reviewer's Appendix: Experiment Instructions Introduction
The exercise in which you are going to participate can be different from other exercises in which members of your community might have participated in the past, therefore, any comment that you might have heard about the exercise does not necessarily apply to the version in which you will participate.
This exercise is similar to a situation in which a group of people have to make decisions on how to use a shared natural resource. For example, a forest, a drinking water source, or a fishing area. In this experiment, the resource will be referred as a fishery.
You have been selected to participate in a group of 5 people. Today, there are 3 groups participating at the same time. However, each group is independent and the decisions of the other groups do not affect the decisions of your group. Each group will be differentiated by the color of the sheets used during the exercise.
In this exercise you will earn money depending on your decisions and the decisions of the other members of your group. The reason why we use money in this exercise is to represent real life situations in which your economic decisions will bring yourself monetary consequences. You will play several rounds equivalent, for example, to periods such as years, months, or fishing seasons.
In each round, you will earn a number of points that will be equivalent to a number of pesos. At the end of the exercise, we will sum the total number of pesos earned in all the rounds, we will round the total earned, and we will personally hand that to you in cash.
We will now explain how to participate in the exercise. Please pay a lot of attention to the instructions. If you understand the instructions, you will be able to make better decisions in the exercise. Please, remain seated and do not speak with other participants. If you have a question, raise you hand. The assistant will answer your question in private.
Earnings Table
We will now hand out the EARNINGS TABLE which contains all the information you will need to make your decisions in this exercise.
All participants have the same EARNINGS In each round you have to decide how many units of the resource you will extract. We will call your decision "MY LEVEL OF EXTRACTION." These units correspond to the columns 1 to 9 in the EARNING TABLE. In this exercise, each participant can extract a maximum of 9 units, and a minimum of 1.
In the EARNINGS TABLE, the decisions of the other members of your group correspond to the column "LEVEL OF EXTRACTION OF OTHERS", which will be a number between 4 and 36. This number is the sum of the units extracted by the other members of the group. In other words, "LEVEL OF EXTRACTION OF OTHERS" is equal to: the total extraction of the whole group, minus the amount you extracted. When you make your decision, you will not know the decisions made by the other members of your group.
Once all participants hand in their decisions, we will sum all the levels of extraction and will announce the group's TOTAL LEVEL OF EXTRACTION. With this information you will be able to calculate the "LEVEL OF EXTRACTION OF OTHERS," which is equal to the "TOTAL LEVEL OF EXTRACTION" minus "MY LEVEL OF EXTRACTION".
Let's see some examples so that you can understand how to use the EARNINGS TABLE.
Imagine you decide that "MY LEVEL OF EXTRACTION" is 4 units, and that the other members of the group extract 4 units each. We will announce that the TOTAL level of extraction is 20 units. Since you decided to extract 4, you can calculate the "LEVEL OF EXTRACTION OF OTHERS," which is equal to the "TOTAL LEVEL OF EXTRACTION" minus "MY LEVEL OF EXTRACTION". In this case, the "LEVEL OF EXTRACTION OF OTHERS" is 20 -4 = 16 units. Thus, as seen in the table, your earnings will be 859.
In the previous example all the members of the group picked the same level of extraction. However, each person can pick a different number. For example, if you choose 4 and the other members of the group extract 2, 3, 7 and 8, we will announce that the TOTAL level of extraction is 24. Given the fact that you decided to extract 4, the "LEVEL OF EXTRACTION OF OTHERS" will be 20. In other words, the "TOTAL LEVEL OF EXTRACTION (24) minus "MY LEVEL OF EXTRACTION" (4). In this case, as seen on the table, your earnings will be 754.
The EARNINGS TABLE has an additional table called "Average of others". This column indicates you the average decision of your group for a determined level. For example, if the others extract 8, this means that the average amount extracted per person is 2. Instead, if the others extract 20, the average amount extracted per person is 5.
Take a few seconds to look at the EARNINGS TABLE and understand how it works. If you have any questions, please raise your hand and someone will come to you.
Decision Card
I will now explain how you will inform us in each round your level of extraction. In each round you will receive a "decision card". The decision cards are these small pieces of paper.
In each round you will have to write: -The number of the round, which will be announced by us.
-"MY LEVEL OF EXTRACTION", in other words, how many units will you extract, which in this case will be a number between 1 and 9. -You also have to write what you think the other members of your group will extract. This is the sum of the levels of extraction that you think the other 4 members of your group will extract. This sum is a number between 4 and 36. Remember that when you make your decision you do not know what the others are choosing. However, we want to know how much you think the others will extract. For example, if you think that two people will choose 3 and the other two 5, then, what you think the others will extract is 16 (3 +3+ 5 + 5). What you write on the level of extraction of others will not affect your earnings, either if it is equal or different to what actually happened. However, we are interested to know what you are thinking about the level of extraction of the others when you make your choice.
After all the members of your group have made their decisions, we will pick up the 5 participants' cards and calculate the groups' TOTAL level of extraction. Once we announce the total extraction of the group you will be able to calculate the true "LEVEL OF EXTRACTION OF OTHERS." With this information and your level of extraction, you will be able to calculate how much you earned by looking at the EARNINGS TABLE.
It is very important that you remember that your decisions are private and that you can not show them to the other members of the group. We will only announce the TOTAL level of extraction.
DECISION CARD
Participant Number:
Round Number:
My level of extrac1tion: (a number between 1 -9): How much do you think others will extract? (a number between 4 -36):
Calculation sheet Each one of you will receive a calculation sheet with which you record your decisions and earnings. Please write your participant number in the calculation sheet. This is the same number that is written in the decision cards.
Let's see how to use the calculation sheet by looking at an example. Suppose you decided to extract 4 units. In consequence, you have to write 4 under column A of the calculation sheet, as shown in the example. You should also write this number in "MY LEVEL OF EXTRACTION" in the Decision Card .You are writing your decision in two places, in the Decision Card, which you will hand in back to us, and in the calculations sheet. Please, check that you have written the same number in the two sheets before you hand in the decision card.
After all the members of the group have finished taking their decisions, we will pick up the cards of the 5 participants and calculate the groups' TOTAL level of extraction. In order to calculate your earnings, you should use the EARNINGS TABLE. In this case, given that "MY LEVEL OF EXTRACTION" is 4 and the "LEVEL OF EXTRACTION OF OTHERS" is 16, then your earnings will be 859. This is the information you should write in column D.
Practice rounds
Before we begin the exercise we will do some practice rounds. The decisions that you take in these practice rounds would not affect your earnings today.
The first practice round will be done altogether. First, write the number of the round in the decision card, in this case (P) of practice. After that, looking at the EARNINGS TABLE suppose that each one of you picked 5. Write this in the decision card and in Column A of the earnings sheet. You should also write in the decision card what you think the other members of your group will extract. In this case, it is 20, because we know that all of them picked 5. Remember, when we begin the real exercise, you will not know the exact number of extraction of the other members while you will be picking your level of extraction. In the next rounds you will write what you think the others will extract.
Given that all the members of the group picked 5 in this example, the total level of extraction for the group is 25. Each one should write now 25 under Column B ("TOTAL LEVEL OF EXTRACTION") in the calculations sheet. Now subtract "MY LEVEL OF EXTRACTION" (5) from the "TOTAL LEVEL OF EXTRACTION" (25). In other words, column B minus Column A. This operation is equal to 20. This number is the true "LEVEL OF EXTRACTION OF OTHERS", which you should write in Column C. Using the number in Column A, "MY LEVEL OF EXTRACTION," and the number under column C, the "LEVEL OF EXTRACTION OF OTHERS", you should use the earnings table to determine your earnings for this round. In this case, your earnings will be 790. Write your earnings in column D.
We did this example and the previous one supposing that everyone picked the same level of extraction. However, when you make your decision, you may choose the level of extraction that you want by looking at the EARNINGS TABLE. Are there any questions?
Let's continue with the next practice round. First, write down the round's name in the decision card, in this case (P) of practice. Now, each one of you has to decide your level of extraction using the EARNINGS TABLE. Write it down in the decision card and in Column A in the calculations sheet. Before you hand in the decision card, check that the number in column A is equal to the one you wrote in "MY LEVEL OF EXTRACTION" in the decision card. You should also write in the decision card the level of extraction that you believe the other members of the group will extract.
Stage 2 -Communication Treatment (Com)
We now will begin the second part of this exercise. This part is very similar to the previous one, with the difference that in the next rounds you will be able to communicate with the other members of your group.
At the beginning of each round, before you decide how much you will extract, you will have 5 minutes to discuss the exercise with the other members of your group. During these 5 minutes, you will be able to discuss with them anything related with the exercise. Before the discussion round begins, turn your calculations sheet upside down and leave it on the table. After 5 minutes, the discussion will come to an end and you will return to your seat to decide privately what your level of extraction decision will be. We will now begin the second part of this exercise. This part is very similar to the previous one, with the difference that in the next rounds we will establish a regulation. The objective of this regulation is to make all participants of your group extract 2 units.
In order to promote that people do not extract more than 2 units of the resource, we are going to impose a penalty of 165 points for each additional unit extracted. The table that we will be handing out summarizes the total penalties that result from each level of extraction.
(Hand out the tables and explain them)
Penalty Table   My level You will have to pay the penalty only if you are inspected when extracting more than 2 units of the resource. In other words, you can extract more than 2 units, but if you are inspected, you will have to pay the penalty. However, it will be very difficult to inspect the decisions of all the members of the group.
In consequence, once each person decides their level of extraction (a number between 1 and 9) and has handed in the decision card, we will randomly pick who will be inspected.
In order to decide who will be inspected, we will take a ballot from a bag containing 5 ballots with the participants' numbers on them, and 5 other blank ballots.
(Show the ballots)
This implies that for each round you have ONE chance in 10 of being inspected. If your number is selected and you extracted more than 2 units of the resource, then you will have to pay the penalty for every additional unit. Nobody else will ever know the result of such inspection. If a blank ballot is selected, no one will be inspected.
(Practice picking the ballot)
In each round we will only take one ballot. The selected ballot will be returned to the bag. This means that the result of the inspection in this round will not affect the result of the next one. In this way, someone can be inspected more than one time during the exercise. It is also possible that you never get inspected.
Let's make some examples:
For example, if you extract 5 units of the resource, your level of extraction is 3 units greater than the permitted level of 2 units. If your number is randomly selected from the bag, then you will be inspected. Since you extracted 5 units, the penalty will be 495, as can be seen in the penalty table (5-2=3 and 3*165=495). In consequence, we will have to subtract 495 from your earnings.
If a blank ballot is selected nobody will be inspected and we will follow on to the next round. If you are not inspected, you will not have to pay any penalty.
Another example: If you extract 2 units, your level of extraction is equal to the level permitted. If your number is randomly selected from the bag, you will be inspected. Given the fact that your level of extraction is equal to the permitted level, then you will not have to pay the penalty. If a blank ballot is selected, nobody will be inspected and we will pass to the next round. If you are not inspected, you will not have to pay the penalty.
Calculation sheet
The calculation sheet for these rounds is very similar to the one used in the previous rounds, but includes some changes. Before we begin, please write your participant's number in the new calculation sheet.
Columns A, B and C are used as in previous rounds. In column D you must write your earnings before you know if you will be inspected. Now, there are two additional columns. In column E you must write whether you were inspected or not in each round. Write YES or NO. In column F we will write the total value of the penalty you will have to pay if you are inspected. If you were not inspected, please write 0 in this column. In the last column, column G, you can write your earnings after the inspection. Earnings after the inspection are calculated subtracting the value of the penalty (column F) from the earnings before the inspection (column D). If you were not inspected, or your penalty is 0, your earnings (column G) will be exact to what was written in column D (My earnings before the inspection).
Let's see some examples:
